We studied the expression of hypoxia-related antigens (e.g., cold-inducible antigens and apoptotic antigens) in the myocardium and the cerebellumthat were obtained from individuals after death by carbon monoxide or hypothermia. The immunohistochemistry results revealed that expression of cold-inducible RNA binding protein (CIRBP) and RNA-binding protein 3 (RBM3) may be associated with hpyothermic and the hypoxic conditions. The expression of CIRBP and RBM3 in the myocardium was different from their expression in the cerebellum, especially in the Purkinje cells. The results indicate that agonal duration influences antigen expression. In the hypothermic condition, the myocardium uses more ATP since the force of the excitation-contraction coupling of the myocardium increases by more than 400% when the experimental temperature is reduced from 35°C to 25°C. The results obtained in this study indicate that physicians should pay attention to the myocardium when cooling the patient's body to protect the brain.
H ypothermia commonly results from an injury in a cold environment, immersion in cold water, or prolonged exposure to low temperatures without adequate protective clothing and equipment [1] . A diagnosis of environmentally induced hypothermia is difficult to affirm at forensic autopsy without a thorough review of the circumstances.
Hypothermia affects the cardiovascular, hematological, neurological, respiratory, renal, metabolic, and gastrointestinal systems [2] . Body temperature affects the affinity between oxygen and hemoglobin. Decreasing the dissociation of oxygen from hemoglobin is expected to occur easily in the hypothermic condition. Carbon monoxide (CO) poisoning causes myocardial toxicity and life-threatening arrhythmias [3] . The carboxyhemoglobin (COHb) level is correlated with the prolongation of QT intervals and the release of cardiac enzymes [3] .
The binding of carbon monoxide to cytochrome oxidase also interferes with aerobic metabolism and with efficient adenosine triphosphate (ATP) synthesis [3] . These conditions seem to be similar to conditions that are present in hypothermic death since the lack of oxygen or a decrease in the release of oxygen results in decreased ATP production in a tissue [4, 5] . The death mechanisms of hypothermia and carbon monoxide poisoning are similar [6] . We previously indicated that cardiac hypoxia was caused by a disturbance in the release of oxygen from the hemoglobin molecule in hypothermia or caused by a lack of oxygen because of the high affinity of carbon monoxide for hemoglobin in CO poisoning.
These results led us to study whether immunohistochemical differences exist in the myocardium and in the cerebellum in both conditions. In this study, we present some discrepant results obtained from several autopsy cases of individuals who died by accidental hypothermia or by suicidal carbon monoxide poisoning.
MAteRIAlS AnD MetHoDS
We selected several individuals who died by hypothermia or by carbon monoxide poisoning. Table 1 lists their characteristics.
The remaining ratio of granular cells in the cerebellum of each individual was determined, based on our previous report [7] . The typical death case characteristics of the individuals were as follows:
Hypothermic Death (Autopsy Number 10) A 26-year-old female was found dead on a road during a winter morning. The autopsy revealed that postmortem lividity on her back was clear red, and the blood was reddish on the left side of her heart and in both lungs. Wischnewski ulcers were detected in the stomach mucosa. Her postmortem interval was estimated at 20 hours. The ratio of remaining granular cells in the cerebellum was calculated as 49.6%.
Carbon Monoxide Poisoning Death (Autopsy Number 2)
A 41-year-old female was found dead in her lover's bedroom. A police investigation revealed a small portable stove that contained burned up charcoal briquettes. The postmortem lividity on her back was clear scarlet. The autopsy revealed that the womn died of carbon monoxide poisoning. The estimated postmortem interval was 24 hours. The ratio of remaining granular cells in the cerebellum was calculated as 27.7%.
At each autopsy, we usually collected four sections of the heart and one section of cerebellum containing the dentate nucleus. The tissue sections were fixed in formalin and prepared in paraffin blocks within three days after the autopsies. Immunohistochemical examination of these tissues was performed by using the ABC technique (Nichirei, Tokyo, Japan) and using antibodies against cold-inducible RNA binding protein (CIRP), RNA-binding protein 3 (RBM3), heat shock protein 70 (HSP70), hypoxiainducible factor 1 (HIF1), vascular endothelial growth factor (VEGF), endothelial nitric oxide synthase (e-NOS), allograft inflammatory factor 1 (AIF1), cFos, neuroglobin (Ngb), Wnt, cation-chloride cotransporter 9 (CCC9), carbindin, and sirtuin 1 (SIRT1). Table 2 lists the characterization of the antibodies. Each staining procedure was performed in accordance with the manufacturer's protocol. The characteristics of the antibodies are described in other reports [5] .
ReSultS

The Myocardium
Hypothermic Death. Antibodies against CIRP, RBM3 and SIRT1 showed good reactivity with the nucleus of cells of the myocardium (Fig. 1) . These antibodies also showed weak reactivity with the cytoplasm of myocardial cells that were located around the contraction band necrosis. The antibodies showed no reactivity in the area of contraction band necrosis in the myocardium. Staining intensity of these antibodies was, in decreasing order, RBM3, CIRP, and SIRT1.
Anti-HSP70 showed granulated reactivity with the cytoplasm of cells located around the contraction bands. This antibody showed no reactivity with the nuclei of cells in the myocardium. Antibodies such as AIF1, protein 53 (p-53 ), HIF-1, VEGFA, and e-NOS showed moderate reactivity in the cytoplasm of cardiac cells containing contraction band necrosis and cells existing around the contraction band necrosis. Anti-Ngb, anti-Wnt and anti-CCC9 showed no reactivity in the cytoplasm and nuclei of myocardial cells. The reactivity of antibodies against RBM3, e-NOS, and CCC9 was detected in the epithelial cells of blood vessels.
Carbon Monoxide Poisoning Death. Anti-CIRBP and anti-RBM3 showed moderate reactivity with the nucleus of cardiac cells in carbon monoxide death, compared to hypothermic death.
The number of positive cells were smaller in carbon monoxide poisoning death than in hypothermic death (Fig. 1) . These antibodies showed moderate reactivity with the cytoplasm of cells located around the contraction band necrosis. Anti-HSP70 showed granulated reactivity with the cytoplasm of the cells located around the contraction band. However, this antibody showed no reactivity with the nuclei of the myocardial cells. Anti-HIF1, anti-VEGF, anti-AIF, and anti-p53 antibodies showed weak or moderate reactivity only with the cytoplasm of cardiac cells located around the contraction band necrosis.
Anti-e-NOS showed intense and granulated reactivity with the cytoplasm of the cardiac cells located around the contraction band necrosis, but no reactivity with the nucleus. No reactivity of anti-Ngb, anti-Wnt, and anti-CCC9 was observed in the myocardium, although blood vessel endothelial cells showed good reactivity with anti-CCC9. Anti-SIRT1 showed weak to moderate reactivity with the nucleus in a few cardiac cells that were located far from the contraction bands. The reactivity of anti-SIRT1 was also clearly weak, compared to the reactivity of anti-CIRBP and anti-RBM3.
The frequency of the reactivity of SIRT 1 with the nuclei of cells in the myocardium was lower in the carbon monoxide death cases than the reactivity in the hypothermic death cases. Anti-SIRT 1 also showed granulated reactivity in the cytoplasm of the cells that were located far from the contraction bands.
The cerebellum Anti-carbindin, which is specific for Purkinje cells, clearly stained the cytoplasm of cells in both types of deaths.
Hypothermic Death. Anti-CIRBP, anti-RBM3, and anti-HSP70 showed good reactivity with the cells of the molecular cell layer and the Purkinje cell layer, and they showed weak reactivity with cells in the granular cell layer. However, these antibodies had a feeble reactivity with the Purkinje cells (Fig. 2) . Anti-HIF1 and anti-e-NOS showed moderate or weak reactivity with the Purkinje cells, whereas anti-VEGF showed no reactivity with the Purkinje cells. These antibodies showed weak reactivity with cells in the molecular layer. Anti-Ngb and anti-AIF1 showed weak reactivity with the cytoplasm 
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of the Purkinje cells and anti-p-53 showed moderate reactivity in the cells of the granular cell layer. AntiWnt, anti-c-Fos, anti-SIRT 1, and anti-CCC9 showed no reactivity in the Purkinje cells, and anti-SIRT1 showed weak reactivity with the cells of the molecular layer.
The reactivity was generally weak in individuals who had died of hypothermia, compared to the reactivity in the cerebellum obtained from individuals who had died of carbon monoxide poisoning. 
A B C Carbon Monoxide Poisoning Death
The nuclei of the Purkinje cells were clearly stained by anti-RBM3 (Fig. 3) . The cytoplasm of the Purkinje cells showed no reactivity with this antibody. Granular cells and some cells in the molecular layer showed weak reactivity with antibodies against CIRBP, RBM3, and HSP70. Anti-CIRBP and anti-HSP70 showed feeble or no reactivity with the Purkinje cells. Anti-HSP70 stained some cells in the Purkinje cell layer (Fig. 3) . Anti-HIF1 weakly stained the cytoplasm of the Purkinje cells, and anti-VEGF and anti-e-NOS slightly stained the cytoplasm. These antibodies stained some cells in the molecular layer. Anti-e-NOS stained some cells in the granular cell layer. Anti-Ngb and anti-SIRT1 showed weak or moderate reactivity with the cytoplasm of the Purkinje cells, although anti-Wnt, anti-AIF-1, antic-Fos, anti-p-53, and anti-CCC9 showed no reactivity with the Purkinje cells. Anti-Ngb and anti-SIRT1 showed weak reactivity with some cells in the molecular layer.
DISCuSSIon
The expression of antigens such as CIRBP, RBM3, and HSP70 in the myocardium was slightly weak in the carbon monoxide poisoning death cases, compared to their expression in the hypothermic death cases. However, the expression by anti-RBM3 in the Purkinje cells was intense and clear in the nuclei of the Purkinje cells obtained from individuals who had died by carbon monoxide poisoning.
The staining intensities by the same antibodies differed between the myocardium and the cerebellum. Scientists originally discovered CIRBP and RBM3 as cold-inducible RNA binding proteins [8, 9] . However, CIRBP and RBM3 are reportedly adaptatively expressed in response to hypoxia by a mechanism that involves neither HIF1 nor the mitochondria [10] . We also showed that CIRBP and RBM3 were detected in the hypoxic state; this confirms the present proposal [11] . The difference in the expression of these antigens in the myocardium after hypothermic death or carbon monoxide death may be caused by the agonal duration of the individuals.
The agonal duration in hypothermic death presumes several hours and the duration of carbon monoxide death is estimated within one hour. The difference of self-inflicted hypoxia and agonal duration may cause a different progression in the signal pathway and cascade process in the myocardium. The difference in the myocardium may be easily understood. However, the expression of these antigens in the cerebellum differed from their expression in the myocardium. The nuclei in Purkinje cells were clearly stained by anti-RBM3 in carbon monoxide poisoning death. On the other hand, the reactivity of anti-CIRBP and anti-RBM3 were weak in hypothermic death, although anti-HSP70 showed relatively similar reactivity with cells in the Purkinje cell layer and molecular layer.
The reactivity of anti-HIF-1, anti-VEGF, and anti-e-NOS with the cells of the cerebellum was also discrepant. The discrepancy between the myocardium and the cerebellum was not able to be resolved by only the difference in agonal duration between the two types of death conditions. The neuroprotective effects of cooling the body have largely been attributed to the finding that lowered temperatures decreases the metabolic rate and reduces blood flow in the brain [12] . Hypothermia also affects other processes associated with ischemia such as the induction of immediate early gene expression and the cellular stress response [13] . The process by which excitation of the myocyte leads to cardiac contraction is usually known as excitation-contraction (EC) coupling [14] .
For the last several decades, investigations of the mechanisms involved in EC coupling in the mammalian heart have been conducted in isolated cardiac myocytes at room temperature. Since mammalian core temperatures are generally in the range of 35°C to 39°C, studies of mammalian cells conducted at room temperature (i.e., 20°C-24°C) have explored cardiac function under hypothermic conditions. It has long been established that hypothermia is a potent positively inotropic stimulus that causes a marked increase in the magnitude of cardiac contraction [15] .
Shattock and Bers described that when the temperature is reduced from 37°C to 25°C, the force produced by rabbit ventricular muscle is increased by more than 400% [16] . The amplitude of contractions recorded from the ventricular myocytes of rabbit, cat, and ferret increases markedly when the temperature is reduced from 35°C to 25°C [17] . These previously reported observations indicate that temperature can affect mechanisms that are important in cardiac EC coupling and indicate that cooling increases the action potential duration in cardiac myocytes and ventricular muscle preparations from rabbit hearts [16] . The increased excitation of the myocardium in hypothermia reportedly decreases the ATP concentration in cells. The decrease in ATP may stimulate the signal pathway processes in the myocardium. On the other hand, the hypothermia disturbs the metabolic rate in cerebellar cells, but with little consumption of ATP. The Purkinje cells in the hypothermic condition showed weak reactivity with the hypoxia-related antibodies. The results obtained in the present study may be confirmed by reports described in the past several decades in the biophysical field. The results also indicate that physicians should pay attention to the myocardium when cooling a patient's body to protect the brain.
